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ABSTRACT
A convenient method for the synthesis of ketenes involves 
the dehydrohalogenation of an acyl halide with a tertiary amine.
Only one polymethyleneketene, however, has been prepared previously.
In the present investigation, five polymethyleneketenes were prepared.
The monomeric polymethyleneketenes, heptamethyleneketene, 
octamethyleneketene, nonamethyleneketene, decamethyleneketene, and 
undecamethyleneketene were prepared by treatment of the appropriate 
cycloalkanecarbonyl chloride with triethylamine. These polyraethylene- 
ketenes are yellow and have pungent odors. Their infrared spectra 
and conversion to their corresponding anilides supported their 
identification as ketene monomers.
Monomeric ketoketenes (I^CsCsO) are characterized by a 
rapid dimerization to give derivatives of 1,3-cyclobutanedione. 
Previous workers have shown that internal strain is an important 
factor in the preparation of polymethyleneketenes. In the present 
investigation polymethyleneketenes of medium-size rings have been 
prepared. These polymethyleneketenes are remarkably stable to 
dimerization at room temperature.
The polymethyleneketenes were converted to their 
corresponding cyclic dimers upon standing at room temperature.
When heptamethyleneketene was left at room temperature for 42 
days, there was obtained heptamethyleneketene dimer, dispiro[7.1.7.1] 
octadecane-9,18-dione. After 122 days at room temperature, 
octamethyleneketene was converted to dispiro[8,1.8.l]eicosane-10, 
20-dione, After 65 days at room temperature, nonamethyleneketene
iv
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gave dispiro[9.1.9.1]docosane-ll,22“dione.„ The twelve-membered 
ring analogue, undecamethyleneketene, dimerized relatively rapidly 
(4 days) to give dispiro[ll.1.11.l]hexacosane-13,26-dione.
Cyclopentadiene reacted with the polymethyleneketenes 
to give the corresponding 7-polymethylenebicyclo[3.2.0]hept-2-en-
6-one by a 1,2-cycloaddition process.
Reduction of heptamethyleneketene dimer, dispiro[7.1.7.1]' 
octadecane-9,18-dione, with lithium aluminum hydride gave good 
yields of di3piro[7.1.7.l]octadecane“9,18“diol. Reaction of 
heptamethyleneketene with sodium methoxide gave a polv(enol) ester. 
Reaction of heptamethyleneketene dimer with sodium methoxide gave a 
lactone dimer of heptamethyleneketene.
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INTRODUCTION
The cumulative system of olefin and carbonyl double
bonds ( ^C=C=0) typifies the interesting and unusual substances
called ketenes. The study of the ketenes dates from the beginning
of the twentieth century with the pioneering work of Hermann 
1 2Staudinger. ’ This dissertation is concerned with the synthesis
of ketenes in which the substituent is a polymethylene group.
The original methods for the synthesis of ketenes were
modifications of general methods used for the preparation of olefins.
Thus the first classical synthesis of ketenes was by Staudinger and
involved the dehalogenation of a-haloacyl halides with zinc.^
However, a more widely used method is that of dehydrohalogenation
3
of an acyl chloride with a tertiary amine. Wedekind was first
4
to use this procedure, but Staudinger did extensive work employing 
the method. A great variety of methods are used industrially for 
the synthesis of ketenes, most of which utilize pyrolysis of compounds 
which contain an acyl group to give the ketene."* On a laboratory 
scale, however, the dehydrohalogenation of acyl halides with 
tertiary amines is the most useful method for the synthesis of 
ketenes.
Aliphatic ketoketenes (R2C=C=0) are known to polymerize
g
readily to the corresponding cyclic dimers. It is generally 
accepted that the method of dehydrohalogenation using a tertiary 
amine catalyst is unsuitable for the preparation of aliphatic
1
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
ketoketenes, since catalysis by tertiary amine salts of polymerization 
of ketenes has been reported.^ It is regarded that the process 
results in the formation of the monomeric ketene moiety which then 
dimerizes.
II
The application of this method to the synthesis of ketenes 
in which the substituent is a polymethylene group has usually led
g
only to the isolation of the cyclic dimer. The reaction of 
cyclopropanecarbonyl chloride with triethylamine gave only an acyl 
quaternary ammonium salt, which could not be converted to the cyclic 
ketene or to the cyclic d i m e r . ^
[ > J U ( c 2h5)3  > t>=c=o
cf
III IV
The failure of the acylium salt (III) to yield dimethyleneketene (IV) 
was attributed to I strain.
Upon treatment of cyclobutanecarbonyl chloride with
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triethylamine, Erickson, Collins, and Owen'*'*' obtained cyclobutane- 
carbonyltriethylammonium chloride (V). Heating the acylium salt 
in benzene gave only the cyclic dimer, dispiro[3.1.3.1]decane-5,10- 
dione (VI).
L
n N(C2H5)3
-»(C2H5>3
C JL
V VI
Only the cyclic dimer, dispiro[4.1.4.l]dodecane-6,12-dione was
obtained from the reaction of cyclopentanecarbonyl chloride and
triethylamine.*'*' Neither the cyclopentanecarbonyltriethylammonium
chloride or tetramethyleneketene was isolated. The only polymethyl-
12eneketene monomer reported is pentamethyleneketene.
Dimethyleneketene dimer has not been obtained, and heating
is necessary to obtain trimethyleneketene dimer (VI), but higher
members of cycloalkanecarbonyl chlorides dehydrohalogenate readily
at room temperature to yeild dimers. These facts have suggested
the possibility that bond-angle strain is an important factor
in the synthesis of polymethyleneketenes.
Cyclic compounds of eight- to twelve-members are known
as medium rings. Synthetic difficulties, certain anomalous physical
properties and abnormal transannular reactions are usually attributed
13 14to compression in the interior of the ring. * Torsional (Pitzer)
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strain due to lateral repulsion between vicinal groups and angular
(Baeyer) strain account for some of this strain, but strong
intra-annular repulsions by end-on interaction of hydrogen atoms
pointing into the ring are the major factor in this strain.
15X-ray data have shown the transannular hydrogen-hydrogen atomic
15distances to be less than van der Waals radii. The Dunitz 
conformation for cyclodecane (VII) has six such transannular 
hydrogen repulsions.
VII
In this dissertation, the reaction of interest was the 
conversion of a cycloalkanecarbonyl chloride to a monomeric ketene 
(I). We were interested in the stabilization of the monomeric 
species relative to its cyclic dimer (II).
2
If the cyclic compound is more stable with an sp -hybridized
3
carbon atom than with an sp -hybridized carbon atom in the ring, 
then the monomeric ketene will be stablized relative to both
starting material and cyclic dimer. Some data have been obtained
2 3 3 2for cyclic compounds for the transitions sp -» sp and sp -* sp
16by Brown. . These data show that the rate of reduction of medium- 
2 3ring ketones (sp -» sp transition) is considerably slower than
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
that of cyclohexanone or acyclic ketones (column A). For the
3 2solvolysis of cycloalkyl tosylates (sp -* sp transition), the
rate is greatly enhanced for medium-ring compounds (column E).
?
These data indicate that the sp -hybridized carbon atom is
3
appreciably stabilized relative to an sp -hybridized carbon for
medium size ring..
Ring Size A B
Acyclic 1.00 1.00
6 355 0.75
8 0.17 144
9 0.07 129
10 0.03 286
11 0.05 31
12 0.40 2.4
Ketenes are a highly reactive class of compounds. 
Reactions with a large class of electrophilic and nucleophilic 
reagents give carboxylic acid derivatives. A second class of 
ketene reactions involves cyclic four-centered transition states 
Cycloadditions of ketenes with , ^ = 0 ,  >^C-S, ^>G=N-,
-N=N-, -C=C- are widely known and generally give derivations of 
cyclobutanone. These reactions have been observed comparative!
o
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recently, as rapid dimerization usually obscures all but moderately 
rapid reactions.
It is probable that the more extensive electron- 
delocalization associated with the yellow color of ketoketenes 
can account for this great reactivity in nucleophilic and four- 
center reactions.
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RESULTS AND DISCUSSION
The only reported polymethyleneketene, pentamethylene-
ketene, was prepared in a 32% yield by the dehydrohalogenation of
12cyclohexanecarbonyl chloride with triethylamine. The authors,
however, did not discuss the dimerization of the monomeric species
to the cyclic dimer, dispiro[5.1.5.l]tetradecane-7,14-dione.
In this investigation, the eight- through twelve-membered
ring polymethyleneketenes have been prepared from the corresponding
cycloalkanecarboriy;! chlorides and triethylamine. The medium-ring
polymethyleneketenes have been shown to be remarkably stable to
dimerization as compared to the acyclic ketoketenes. (The
£
dimerization of dimethylketene has been reported to occur to the 
extent of 70% within 6 hr. at 25°). This slowness to dimerize 
is in accord with previous observations that polymethyleneketenes 
are extremely sensitive to ring strain.^ The stability of the 
polymethyleneketenes and their relative rates of dimerization 
are reflected in Table I.
Previous observers have shown internal strain to be at 
a maximum in the nine- and ten-membered rings with slightly 
lessened internal strain in the eight- and eleven-membered 
rings. The presence of the twelve-membered ring in the
medium ring series has been debated, since the internal strain 
is much less for the derivatives of cyclododecane than for the 
eight- through eleven-membered rings.^ The results shown in
7
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8TABLE I
YIELDS (%) AND RELATIVE RATES OF DIMERIZATION 
OF POLYMETHYLENEKETENES
Ketene Yield (%) Dimerization (days) (a)
sC=0
66
57
44
122
(a) First appearance
42
34
22
65
36
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9Table I are in accord with these observations. The nine-membered 
ring is the most stable in the series, requiring 122 days for 
the deposition of a trace of crystalline dimer, and 130 days for 
extensive dimerization. Nonamethyleneketene, the cyclodecane 
derivative, similarly shows a great deal of stability in the 
monomeric form, requiring 65 days for the observation of a trace 
of crystalline dimer. Heptamethyleneketene required 44 days 
for the dimer to form, and undecamethyleneketene dimerized after 
only four days at room temperature.
These data cannot be accounted for on the basis of 
differences in solubility of the crystalline dimers in the respective 
liquid monomers. The order expected on the basis of solubilities 
would be totally different. The cyclic dimer of undecamethylene­
ketene has the largest hydrocarbon ring, and would be expected 
to be more soluble in the liquid monomer than any of the analogous 
dimers. However, undecamethyleneketene dimer is observed to 
deposit crystals more rapidly than any of the others. Clearly 
octamethyleneketene dimer would be expected on the basis of 
solubilities to be deposited relatively rapidly, but instead 
crystals of undecamethyleneketene dimer are observed to be 
deposited 30 times as rapidly as crystals of octamethyleneketene 
dimer,
21Staudinger , the discoverer of the ketenes, observed 
not only the remarkable speed with which these compounds dimerize,
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but also their ability to combine with alkenes to form cyclobutane 
22
derivatives. The dimerization can follow either of two paths,
one leading to cyclobutane-l,3-diones (£.£., II), the other to
23 24
■y-methylene-p-lactones (£•£., VIII). Woodward has pointed 
out that if the dimerization of ketenes is a four-center reaction, 
formation of a cyclobutanedione
VIII
will proceed in the unhindered direction a-a at right angles to 
the plane of both molecules. Formation of the y-methylene-{3-lactone 
(VIII), however requires approach of the two molecules along the 
path b-b which, with bulky substituents as in ketoketenes will be 
sterically unfavorable.
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11
9 10
Polymethyleneketene dimers of trimethyleneketene *
(VI), tetramethyleneketene^, and pentamethyleneketene^* have
been obtained by previous workers. Cyclobutanedlone type dimers
of the eight- through twelve-membered polymethyleneketenes have
been prepared by spontaneous dimerization processes. The dimers
are all white, crystalline products with camphoraceous odors.
The dimers were characterized by their carbonyl stretching
absorption at 5.74p,, which is typical of 1,3 - c y c l o b u t a n e d i o n e s . ^
Ketenes will react with nucleophilic and electrophilic
reagents to yield derivatives of the corresponding carboxylic
2
acids. Staudinger reported a reaction of explosive force when 
diphenylketene and aniline were mixed. The polymethyleneketenes 
under investigation react quite rapidly with aniline in dilute 
solutions. The cycloalkanecarboxanilides were used mainly to 
characterize the ketenes. The anilides were identified by 
comparison to the known compounds in the case of the eight- and 
nine-membered rings. The anilide derivatives of the ten-, eleven-, 
and twelve-membered ring ketenes were identified by melting points 
of mixtures with the corresponding anilides prepared from the 
cycloalkanecarbonyl chlorides and aniline, and also by elemental 
analyses.
The reaction of ketenes with unsaturated linkages proceeds 
through a cyclic four-centered transition state to give derivatives
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
1 2
0 * 1
of cyclobutanone. * The 1,2-cycloaddition of ketenes to
cyclopentadiene to give a bicyclic derivative (£.£., IX) was first
28
studied by Staudinger. The polymethyleneketenes of eight-
through twelve-members react smoothly with cyclopentadiene to give
the corresponding bicyclic derivatives. The cycloadducts were
characterized by their infrared spectra which exhibited a strong
29
carbonyl absorption at 5.62p,, characteristic of cyclobutanones ,
and a weak absorption at 6.12p,, demonstrating the presence of a
30
bicyclic cyclopentane group . The structures were assigned by
analogy to the cycloaddition products obtained from (a) cyclo-
32 33pentadiene and diphenylketene ’ and (b) cyclopentadiene and 
34
dimethylketeneO
IX
A. Heptamethyleneketene Monomer and Dimer
A small yield (5%) has been reported*-^  for the preparation 
of cyclooctanecarboxylic acid by carbonation of the Grignatd reagent
prepared from cyclooctyl bromide. The use of higher dilutions led
18 19
to an improved yield. A recent publication reported an
increased yield of the acid using cyclooctyl chloride. In the
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 3
present Investigation a yield of 63% was obtained by the carbonation 
of cyclooctylmagnesium chloride. The total synthesis of heptamethylene­
ketene can be shown by the following set of equations:
JttCL
ZnCl,
Et3N
Mg
•Cl
* rv
1. co2
2. HC1
S0C1,
Cl
o1
Cyclooctyl chloride was obtained in high yield by the
20
hydrochlorination of cylooctene in benzene with zinc chloride
catalyst. Heptamethyleneketene (I) was obtained in 667. yield by
treatment of cyclooctanecarbonyl chloride with triethylamine.
This ketene is a yellow liquid with an extremely pungent odor.
Its infared spectrum showed a strong absorption band at 4.75|a,
25which is characteristic of ketene monomers. Heptamethylene­
ketene (I) remained at room temperature for 44 days before 
any trace of crystals was noted.
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1 4
Cyclooctanecarboxanilide (X), obtained from the vigorous
reaction of heptamethyleneketene and aniline, has a melting point
31identical with that of the reported compound. A mixture of 
cyclooctanecarboxanilide obtained from the ketene with a sample
C r
H- c6h 5n h2
X
obtained from the reaction of cyclooctanecarbonyl chloride and 
aniline showed no melting point depression.
Heptamethyleneketene(I) was further identified by 
conversion to the cyclic dimer. Dispiro[7.1.7.1]octadecane-9,18- 
dione (XI) was prepared from heptamethyleneketene(I) in 73% yield 
by heating the monomer at 110° for 72 hr. A sample of the dimer 
(XI) was identified by elemental analysis and by molecular weight 
determination. The infrared spectrum of the dimer had a carbonyl
absorption at 5.74|i,, which is characteristic of 1,3-cyclobutane-
10,25 diones. ’
o~
XI
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Reduction of dispiro[7.1.7.1]octadecane-9,18-dione (XI) 
with lithium aluminum hydride gave an 85% yield of dispiro[7.1.7.1]- 
octadecane-9,18-diol (XII). The infrared spectrum of the cyclic 
diol (XII) showed no carbonyl absorption at 5.74p,, indicating 
complete reduction. The product had a sharp melting point indicating 
the possibility of stereoselective reduction of the dione.
XI XII
The infrared spectrum of the diol (XII) in dilute carbon
tetrachloride showed a single hydroxyl absorption at 2.76|o,. This
band is characteristic of non-intramolecularly hydrogen-bonded 
35cyclic 1,3-diols; diols with intramolecular hydrogen-bonding 
exhibit two discrete bands in the infrared spectrum at 2.76ja
0£ On
(free hydroxyl) and 2.83p, (hydrogen-boided hydroxyl). Hasek * 
reported the synthesis of cis-2.2.4.4-tetramethyl-1.3-cyclobutanediol 
(XIII), without discussion of the existence of intramolecular 
hydrogen-bonding. A repetition of this synthesis gave XIII, but 
the compound was totally insoluble in non-polar solvents. Since 
we were interested in the presence of intramolecular hydrogen- 
bonding, which can only be shown in dilute solutions, XIII could
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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not serve as a model compound in our studies.
38Walborsky reported reduction of dispiro[4.1.4.l]dodecane-
6,12-dione with lithium aluminum hydride. The product, dispiro- 
[4.1.4.1]dodecane-6,12-diol (XIV), was postulated to be the trans 
isomer on the basis of a lack of reaction between XIV and £-nitro- 
benzaldehyde. If the product were the cis isomer, an acetal would 
be expected.
7-Heptamethylenebicyclo[3.2.0]hept-2-en-6-one (XV) was 
formed upon treatment of I with cyclopentadiene. The infrared 
spectrum of XV shows a carbonyl absorption at 5.62p,, characteristic
of cyclobutanones, and an absorption at 6.12p, (cyclopentene).
XIII XIV
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Hexamethyl-l,3,5-cyclohexanetrione (XVII) has been obtained
by treatment of tetramethyl-l,3-cyclobutanedione (XVI) with sodium 
39methoxide. Treatment of a variety of polymethyleneketene dimers 
(four- through six-membered rings) with sodium methoxide has recently 
been shown to give the polymethyleneketene trimers.^
CH CH,
CH.
CH,
CH.CH,
c h:
XVI XVII
40Staudinger reported a polymeric product formed upon
treatment of dimethylketene with catalytic amounts of triethylamine.
41Upon structural analysis , the product was shown to be a polymer 
containing random arrangements of units XVIII and XIX.
'
?H3 8 w a y  2
— C— 0—
3 , _ n
. XVIII XIX
42Natta reported formation of a poly(enol) ester (XX) 
upon reaction of dimethylketene with triethylaluminum, and the
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
i 43
same product (XX) was also Isolated by Hasek by treatment of
dimethylketene with sodium methoxide.
43 oHasek reported that heating XX to 280 gave a good
44yield of the (3-propiolactone dimer (VIII). Anet reported
formation of the (3-lactone dimer of diphenylketene from treatment
of diphenylketene with a catalytic amount of sodium methoxide.
45The mechanism of the reaction of either dimethylketene 
or tetramethyl-1,3-cyclobutanedione (XVI) with sodium methoxide 
is reported to be:
CH.
VIII
CH„
< -
< -
n
(-) I I
(ch3)2c — c — <j— co2r
y
A
(CH
(-) 
)0c — ?-3 2
XXI
?H3
) C02R
CH„
The sodium salt of methyl-2,2,4-trimethyl-3-oxovalerate (XXI) 
at moderate temperatures (<80°) gives the polymer (XX). At
higher temperatures (>80 ) the product formed is the more
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
19
thermodynamically favored cyclic trimer (XVII).
(->
(c h3)2 c -
■3
0— c--
n
XX
In the present investigation, sodium methoxide was reacted
with heptamethyleneketene monomer to give a linear, highly crystalline 
polymer (XXII). This polymer exhibited infrared absorptions at 
5.75p,, 6.14p,, 8.60p, and 9.40y,. In a comprehensive study of poly-
at 5.75|i (ester carbonyl), and at 8.13(j,, 9.47p,, and 9.48p, (ether 
linkage of ester).
Reaction of sodium methoxide with heptamethyleneketene 
dimer (II) gave a liquid product, which was characterized by its 
infrared absorption as XXIII, the (3-lactone dimer of heptamethylene­
ketene. The (3-lactone dimer of dimethylketene (VIII) was characterized 
by infrared absorptions at 5.4-5.5p, (strong, carbonyl), and 5.75p,
/ 3
(strong, olefinic). Compound XXIII had infrared absorptions at 
5.36|j, and 5.78^.
46dimethylketene (XX), Natta reported characteristic absorptions
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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— 0 — C —
XXII
n
XXIII
B. Octamethyieneketene Monomer and Dimer
Two methods of synthesis were available for the preparation 
of octamethyieneketene (XXIV). The first method involved ring 
expansion of cyclooctene, and the second method involved ring 
contraction of cyclodecene. Since cyclooctene is readily available' 
and cyclodecene is more difficult to obtain, the ring expansion of 
cyclooctene appeared to be the method of choice.
The ring expansion was accomplished by the following 
series of reactions:
20
KOtBu
CHBr,
Mg ■ >
00H
1 . Mg
2 . CO,
1<JKLL
ZnCl,
Pd/C
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The reaction sequence, through chlorocyclononane, worked 
in an overall yield of 20%. Ruzicka, Barman, and Prelog*^ reported
no yield of cyclononanecarboxylic acid upon carbonation of cyclo- 
nonylmagnesium bromide; the products of disproportionation were 
obtained. However, due to our previous success with the carbonation 
of cyclooctylmagnesium chloride, the possibility of better yields 
seemed to make this route attractive. Upon performance of the 
carbonation, we obtained a 20% yield of the acid. This route 
was too difficult to ensure the necessary quantities of starting 
materials, giving a total yield of only 4%. The route through 
cyclodecene was then chosen as the preferred method of synthesis.
contraction of cyclodecene involved the following sequence of 
reactions:
The synthesis of cyclononanecarboxylic acid through ring
N0C1
HC1
1. NaOMe 2. KOH
!00H
XXXV
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47
A recent procedure, modified after a recent Japanese publication ,
gave a fair yield of a-chlorocyclodecanone, which upon Favorskii 
rearrangement gave cyclononanecarboxylic acid in an overall yield 
of 33%. Octamethyieneketene (XXIV) was prepared by treatment of 
cyclononanecafbonyl chloride with triethylamine in a yield of 57%.
The yellow ketene monomer had a strong absorption in the infrared 
at 4.75|jl. The monomer was remarkably stable to dimerization, 
remaining at room temperature for 122 days before the deposition 
of the crystalline dimer was noted. Dispiro[8.1.8.1]eicosane-10,20- 
dione (XXV) was identified by elemental analysis and by the presence
of a carbonyl absorption at 5.74p«.
The ketene was identified by its rapid reaction with 
aniline to form cyclononanecarboxanilide (XXVI), identified by the
XXV
48
melting point and elemental analysis
XXIX XXVIII
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Octamethyieneketene (XXIV), upon reaction with cyclo-
pentadiene over a 4 day period, gave 7-octamethylenebicyclo[3.2.0]- 
hept-2-en-6-one (XXVII). The structure was identified by infrared 
absorptions at 5.62(j, (cyclobutanone) and at 6.12p, (cyclopentene).
C. Nonamethvleneketene Monomer and Dimer
Because of the difficulty in obtaining large quantities
20
of cyclodecene, and the ready availability of cyclodecane , we
attempted the free radical chlorination of cyclodecane. The results
were better than expected; chlorocyclodecane was obtained in 66%
49
yield, along with a 15% yield of dichlorocyclodecane.
XXVII
■>
3.H
C-OH
Previous workers had obtained low yields by carbonation 
of cyclodecylmagnesium bromide*^, but later workers reported
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 4
19
improved yields using the chloride . We obtained a yield of
68% of cyclodecanecarboxylic acid by carbonation of cyclodecyl- 
magnesium chloride. The previously unreported cyclodecanecarbonyl 
chloride, prepared in 85% yield from cyclodecanecarboxylic acid and 
thionyl chloride, was identified by its infrared absorption band at 
5.55-5.60|j,, elemental analysis, and conversion to the previously 
unreported cyclodecanecarboxanilide (XXVIII).
upon dehydrochlorination of cyclodecanecarbonyl chloride with 
triethylamine. The yellow ketene monomer exhibited the typical 
ketene band in the infrared spectrum at 4.75p,. The ketene was 
identified by conversion to cyclodecanecarboxanilide (XXVIII).
The previously unreported anilide was identified on the basis of 
elemental analysis and by its identity with the cyclodecanecarbox­
anilide prepared from cyclodecanecarbonyl chloride and aniline.
A sample of nonamethyleneketene deposited crystals of 
dimer after standing at room temperature for 65 days. The dimer
Nonamethyleneketene (XXIX) was obtained in 42% yield
XXIX XXVIII
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was identified by elemental analysis and the carbonyl absorption 
band at 5.74g, in the infrared spectrum. The cyclic dimer, 
dispiro[9.1.9.1]dodecane-ll,22-dione (XXX), was also obtained from 
nonamethyleneketene by heating a sample at 120° for 8 days.
XXX
The cycloadduct of nonamethyleneketene (XXIX) and 
cyclopentadiene, 7-nonamethylenebicyclo[3.2.0]hept-2-en-6-one
(XXXI), was identified by the infrared absorption bands at 5.62p, 
(cyclobutanone) and 6.12(j, (cyclopentene).
O
XXIX XXXI
D. Decamethyleneketene Monomer and Dimer
Cycloundecanecarboxylic acid was obtained by bromination 
20of cyclododecanone and Favorskii rearrangement of the 2-bromo-- 
ketone.^ The previously unreported cycloundecanecarbonyl chloride,
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prepared in 92% yield from cycloundecanecarboxylic acid and thionyl 
chloride, was identified by the carbonyl absorption band at 5.57jj, 
in the infrared spectrum and conversion to cycloundecanecarboxanilide
(XXXII).
Decamethyleneketene (XXXIII) was prepared in 34% yield 
by dehydrohalogenatlon of cycloundecanecarbonyl chloride with 
triethylamine. The monomeric ketene had an absorption band at 
4.76(j, in the infrared spectrum, characteristic of the ketenes.
The ketene was identified by its reaction with aniline to form 
cycloundecanecarboxanilide (XXXII). A melting point of a mixture 
of this anilide and that obtained from cycloundecanecarbonyl 
chloride and aniline showed no depression. The previously 
unidentified cycloundecanecarboxanilide (XXXII) was characterized 
by elemental analysis.
+ C6H5NH2 ------->  L ^ j > ^ HC6H5
XXXIII XXXII
Decamethyleneketene (XXXIII), left at 110° for 85 hr.,
formed dispiro[10.1.10.l]tetracosane-12,24-dione (XXXIV), which 
was identified by elemental analysis and the carbonyl absorption 
band at 5.75p, in the infrared spectrum. A sample of decamethylene­
ketene was left at room temperature for 36 days without deposition
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of a trace of crystalline dimer.
C ^ P
XXXIV XXXV
7-Decamethylenebicyclo[3.2.0]hept-2-en-6-one (XXXV) 
was formed upon treatment of XXXIII with cyclopentadiene. The 
cycloadduct had infrared absorptions at 5.62y, (cyclobutanone) and 
6.1 2|jl (cyclopentene).
E. Undecamethyleneketene Monomer and Dimer
Carbonation of cyclododecylmagnesium chloride gave a 
74% yield of cyclododecanecarboxylic acid. Treatment of cyclo- 
dodecanecarbonyl chloride with triethylamine gave low yields of 
undecamethyleneketene (XXXVI) and 34% of the cyclic dimer, 
dispiro[ll.l.11.l]hexacosane-13,26-dione (XXXVII).
XXVII
.0=0
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The infrared spectrum of undecamethyleneketene (XXXVI) 
exhibited a strong absorption band at 4.75p,. Undecamethyleneketene, 
upon reaction with aniline, gave the previously unreported cyclo- 
dodecanecarboxanilide (XXXVIII). The anilide was identified by 
elemental analysis and by the establishment of its identity with 
cyclododecanecarboxanilide, prepared from cyclododecanecarbonyl 
chloride and aniline, by mixture melting point.
Undecamethyleneketene dimerized within 4 days to give 
dispiro[ll.l.ll.l]hexacosane-13,26-dione (XXXVII). The dimer 
was also obtained by heating the monomer at 110° for 72 hr.
XXXIXXXXIII
7-Undecamethylenebicyclo[3.2.0]hept-2-en-6-one (XXXIX) 
was formed upon treatment of XXXVI with cyclopentadiene. The 
infrared spectrum of XXXIX showed a cyclobutanone carbonyl absorption 
band at 5.62p, and a cyclopentene absorption band at 6.12|i,.
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EXPERIMENTAL51
Cvclooctvl Chloride
Hydrogen chloride was bubbled into a mixture of 400 ml. 
of benzene, 10 g. of zinc chloride, and 220 g. (2.0 moles) of 
cyclooctene2^ at 25° until hydrogen chloride was no longer absorbed 
(20 hr.). The mixture was washed with water, and the benzene was 
removed by distillation. The residue was distilled to give 2.4 g. 
of forerun, b.p. 40-88° (19 mm.), and 254 g. (87%) of the product, 
b.p. 88-90° (19 mm.), n25D 1.4825, [lit.52 b.p. 87-90° (19 mm.)].
Cyclooctanecarboxvlic Acid
To a mixture of 24.3 g. (1.0 gram-fLtom) of magnesium and
15.7 g. (0.1 mole) of cyclooctyl chloride in 85 ml. of ether was 
added 0.5 ml. of methyl iodide. After the initial reaction had 
subsided, 400 ml. of ether was added, and an additional 141.5 g. 
(0.9 mole) of cyclooctyl chloride in 300 ml..of ether was added at 
such a rate as to cause a gentle reflux of the ether. After the 
addition of the halide was complete, the reaction mixture was 
then cooled .in an ice-salt bath while a nitrogen atmosphere was 
maintained in the reaction vessel. When th.e cooling was completed, 
carbon dioxide was introduced above the surface of the Grignard 
solution under slight pressure and at such a rate that the 
temperature was maintained at less than 5°. After 4 hr., the
29
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temperature dropped to -12° indicating the completion of the reaction. 
The cold mixture was then hydrolyzed with 500 ml. of 15% hydrochloric 
acid solution. The ether layer was separated, and the water layer 
was extracted twice with 100 ml. portions of ether. The combined 
ether extracts were shaken with 300 ml. of 25% sodium hydroxide 
solution. The basic aqueous layer was separated, wdshed with 
ether, and then acidified with 400 ml. of 15% hydrochloric acid 
solution. The product was extracted with three 60 ml. portions 
of benzene and fractionated to give 4.2 g. of forerun, b.p. 130-133° 
(3 mm.), and 97.4 g. (63%) of cyclooctanecarboxylic acid, b.p. 133°
(3 mm.), n25D 1.4872, [lit.53 b.p. 150° (19 mm.), n2°D 1.4779; 
lit.54 b.p. 135-138° (3.3 mm.)].
Cyclooctanecarbonyl Chloride
Over a period of 1 hr., 94 g. (0.60 mole) of cyclo­
octanecarboxylic acid was added to 96.0 g. (0.81 mole) of thionyl 
chloride. The solution was refluxed for 1 hr., and the excess 
thionyl chloride was removed by distillation. The residual liquid 
was distilled in vacuo to give 0.8 g. of forerun, b.p. 110-111°
(19 mm.), and 99 g. (94%) of the product, b.p. 112-114° (19 mm.), 
[lit.53 b.p. 110° (19 mm.)].
Heptamethyleneketene(I)
To a stirred solution of 20 g. (0.11 mole) of cyclo­
octanecarbonyl chloride in 250 ml. of ether under an atmosphere
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of nitrogen was added 16 g. (0.17 mole) of triethylamine. The 
resulting suspension was stirred and refluxed for 12 hr. and then 
allowed to cool. The yellow solution was separated from the 
precipitated triethylammonium chloride (15 g., 94%) by inverted 
filtration. The ethereal solution was concentrated by distillation 
during which time an additional 0.3 g. of salt was deposited and 
removed by filtration. The filtrate was distilled to give 10.5 g. 
(667.) of a yellow liquid, b.p. 80.5-81° (20 mm.), n^ "*D 1.4789, and
4.5 g. of a dark residue. The infrared spectrum of the yellow 
distillate showed a ketenic band at 4.75p,.
The anilide. m.p. 133-133.5°, was prepared from the 
ketene and aniline in ether. A sample of cyclooctanecarboxanilide, 
from cyclooctanecarbonyl chloride and aniline in benzene, melted 
at 132-133°, (lit.^ m.p. 127-130°). A mixture of the two samples 
showed no melting point depression, m.p. 132-133°.
Dispiror7.1.7.lloctadecane-9.18-dione (II)
A 1.0 g. sample of heptamethyleneketene (I) was maintained 
at a temperature of 110° for 72 hr., during which time the yellow 
color gradually disappeared. Upon cooling to room temperature, 
a white solid was deposited. Recrystallization of this solid from 
methanol gave 0.73 g. (73%) of the dimer, m.p. 92-94°; 3.40 s,
3.50 w, 5.74 s, 6.76 m, 6.90 m, 8.55 m, and 9.80 m, p,.
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Anal. Calcd. for c^gH28°2: C* ^8.21; H, 10.21; mol. wt. 276.
Found: C, 77.99, 77.97; H, 10.37, 10.30; mol. wt. (benzene), 247,
254.
Heptamethyleneketene (2.7 g.) remained at room temperature 
for 41 days before any crystals of the dimer were noted. After 
50 days the ketene was almost completely dimerized. This sample 
was then completely dimerized by heating overnight at 110°. 
Recrystallization from methanol gave 2.2 g. (81.5%) of the dimer, 
m.p. 93-94°.
7-Heptamethylenebicvclor3.2.0lhept-2-en-6-one (IX)
Heptamethyleneketene (I) (2.1 g., 0.015 mole) in 40 ml.
of petroleum ether (B) was added to 3.2 g. (0.040 mole) of freshly
distilled cyclopentadiene, b.p..41°. The yellow solution was
stoppered and left at room temperature until the color faded (3
days). After removal of the solvent, the residue was distilled
to give 1.8 g. (58%) of the product, b.p. 132-134° (4 mm.),
n25D 1.5139; and XCCl4 3.41 s, 5.62 s, 6.77 m, 7.40 w, 8.07 w, max.
9.57 w, 10.95 w, and 11.87 w, p,.
Anal. Calcd. for C^^H^qO: C, 82.30; H, 9.87; Found:
C, 81.60; H, 9.98.
4-Heptame thvlene-3-ethoxy-2-cyclobutenone
A solution of 5 g. (0.036 mole) of heptamethyleneketene
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(I) and 2.8 g. (0.040) mole) of ethoxyacetylene in 15 ml. of pentane
was left at room temperature for 4 days, during which time the
yellow color was gradually dissipated. The solvent and excess 
ethoxyacetylene were removed by distillation, and distillation of 
the residual liquid at reduced pressure gave 3.8 g. (52%) of the 
cycloadduct, b.p. 127-128° (0.5 mm.), n25D 1.5236; \ 3.41 s,
nicix*
5.85 s, 6.00 s, 6.20-6.30 s, 6.81 m, 6.90 m, 7.46 s, 7.55 s, 8.35 s,
8.57 s, 8.84 m, 9.01 m, 9.55 m, and 9.73 m, p,.
Anal. Calcd. for ^^^20^2* ^4.96; H, 9.68.
Found: C, 74.79, 74.88; H, 9.58, 9.58.
Dispiror7.1.7.lloctadecane-9.18-diol
A solution of 3.9 g. (0.014 mole) of dispiro[7.1.7.1]- 
octadecane-9,18-dione in 150 ml. of ether was slowly added to a 
stirred slurry of 1.3 g. (0.034 mole) of lithium aluminum hydride 
in 200 ml. of ether, and the resulting suspension was stirred for
1.5 hr. Ethyl acetate was added to destroy excess lithium aluminum
I . _
hydride and was followed by .the addition of 35 ml. of 10% sulfuric 
acid solution. The ether layer was separated and washed successively 
with water, 5% sodium carbonate solution, and water. The solution 
was dried over magnesium sulfate, and the ether was removed by 
distillation. The solid residue was recrystallized from a benzene- 
pentane mixture to give 3.3 g. (85%) of dispiro[7.1.7.1]octadecane- 
9,18-diol, m.p. 182-183.5°; \CCl4 2.75 w, 3.41 s, 6.76 m, 6.89 m,
ITlciXa
and 9.43 s, p..
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Anal. Calcd. for C^H^Cy. C, 77.09; H, 11.50.
Found: C, 77.23, 76.92; H, 11.50, 11.47.
The reaction of heptamethyleneketene monomer and dimer with sodium 
methoxide. Procedure 1. Reaction with heptamethyleneketene.
Sodium methoxide (0.012 g.) was mixed with 5.0 g. (0.036
mole) of heptamethyleneketene, and the mixture was stirred and
heated to 70°. An exothermic reaction followed, and the temperature
rose to 96°. The material solidified completely and could not be
dissolved in organic solvents. The solid was triturated with 1 ml.
of 107. acetic acid solution to destroy the catalyst. The white
crystalline solid (XXII) did not melt up to 340°, but decomposed
at 340° with the evolution of gas. Differential thermal analysis
showed no melting point, but only a lattice transition at 101°.
Thermogravimetric analysis showed a rapid weight loss beginning
at 372°. \KBr 3.41 s, 3.50 m, 5.74 s, 6.14 w, 6.77 m, 6.91 m,
max. ’ ’ 1
8.60 m, 9.40 s, and 10.15 w, p,.
Procedure 2. Reaction with heptamethyleneketene dimer (II).
A mixture of dispiro[7.1.7•1]octadecane-9,18-dione (II) 
(4.0 g., 0.014 mole) and 0.24 g. of sodium methoxide was slowly 
heated to 260°, at which point the material began to decompose.
The mixture was stirred at that temperature for 1 hr., allowed 
to cool to room temperature, and then dissolved in 25 ml. of ether.
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The catalyst was destroyed by the addition of 1 ml. of 10% acetic
acid solution. The ethereal solution was washed with water, dried
over magnesium sulfate, and concentrated. The residual oil was
distilled to give 3.1 g. of a viscous oil, b.p. 159-161° (1 mm.),
\CCl4 3.39 s, 3.47 m, 5.36 s, 5.78 s, 6.78 m, 6.88 m, 8.46 m, max. > > > > > > >
8.75 m, 8.88 m, 9.30 m, 10.46 s, 10.91 s, and 11.32 m, p,. On the 
basis of its infrared spectrum, the product was identified as the 
p-lactone dimer (XXIII) of heptamethyleneketene.
9.9-Dibromobicyclor 6. l.Olnonane^"*
Potassium (60 g., 1.5 g. atoms) was dissolved in 1500 ml.
of dry _t-butyl alcohol (distilled from sodium) in a 3-1., three-neck
flask. After complete reaction of the potassium, the solution was
concentrated by distillation, then all traces of t-butyl alcohol
were removed by heating the mixture to 200° for one hour. The
white potassium _t-butoxide was covered with 165 g. (1.50 moles)
20of cis-cyclooctene and 100 ml. of dry pentane. The mixture was 
cooled in an ice-salt bath and 379 g. (1.5 moles) of bromoform 
was added at such a rate as to ke6p the temperature below 20°.
The solution was stirred for 2 hr. at room temperature and poured 
into 1500 ml. of water. The layers were separated and the aqueous 
layer was extracted with four 250 ml. portions of ether. The 
combined ether extracts were washed with water and dried over 
magnesium sulfate. The solvent was removed by rotary evaporation
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and the residue was distilled at reduced pressure to give 251 g.
(61%) of 9,9-dibroraobicyclo[6.1.0]nonane, b.p. 98.5-99°, n^5D 1.5502, 
[lit.56 b.p. 92-93° (1 mm.)].
571.2-Cyclononadiene
A 2-]., three-neck flask equipped with a stirrer, dropping 
funnel, and ice-water cooled condenser was dried and flushed with 
nitrogen. The flask was charged with 48.6 g. (2.0 g.atoms) of 
magnesium turnings and 700 ml. of ether, and a solution of 141 g. 
(0.50 mole) of 9,9-dibromobicyclo[6.1.0]nonane was added dropwise 
during 3 hr. The mixture was stirred under reflux for 1 hr. and 
hydrolyzed with an excess of saturated ammonium chloride solution. 
After the addition of 300 ml. of pentane, the solution was washed 
with three 250 ml. portions of water, and the organic layer was 
dried over magnesium sulfate. The solvent was removed, and the 
residue was distilled at reduced pressure to give 30 g. (50%) of
1.2-cyclononadiene, b.p. 78-79.5 (30 mm.), n^5D 1.4966, [lit.56 
b.p. 83-84.5° (36 mm.)].
cis-Cyclononene56
A heavy walled 500 ml. bottle containing a mixture of 
30 g. (0 .2 4 6  mole) of 1 ,2-cyclononadiene, 200 ml. of methanol and 
150 mg. of 57o palladium on carbon was flushed with nitrogen and
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then with hydrogen. A low pressure Paar hydrogenator was used for 
the hydrogenation. After 1 hr., the sample had absorbed 16 lb. of 
hydrogen (0,20 mole). The catalyst was removed by filtration 
through a fritted glass filter. The alcoholic solution was added 
to 250 ml. of pentane and 200 ml. of water in a separatory funnel. 
The organic layer was separated and washed with three 100 ml. 
portions of water. The combined aqueous solution was washed with 
three 100 ml. portions of pentane. The total organic solution 
was dried over magnesium sulfate, and the solvent was removed 
by rotary evaporation. The clear residual oil was fractionated 
through a 10-inch, vacuum-jacketed, packed column to give 24 g. 
(77%) of cis-cyclononene, b.p. 84-85° (45 mm.) [lit.^^ 85-86°
(45 mm.)], n ^ D  1.4780.
Chlorocyclononane
Anhydrous hydrogen chloride was bubbled through a
stirred mixture of 80 ml. of benzene, 2 g. of zinc chloride, and
23.3 g. (0.19 mole) of cis-cyclononene for 1.5 hr. The solution
was washed with water and dried over magnesium sulfate. The
solvent was removed by rotary evaporation, and the residue was
distilled at reduced pressure to give 25 g. (83%) of chloro-
25
cyclononane, b.p. 75-76.5 (3 mm.), n D 1.4885.I
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Cyclononanecarboxylic acid
This acid was prepared by essentially the same method 
used for cyclooctanecarboxylic acid. To a solution of cyclo- 
nonylmagnesium chloride, prepared from 24 g. (0.155 mole) of 
chlorocyclononane and 3.64 g. (0.155 g. atom) of magnesium in 
250 ml. of ether and cooled to -10°, was added a stream of anhydrous 
carbon dioxide under a slight pressure and at such a rate that 
the temperature was kept below 5°. After complete addition of 
the carbon dioxide, the mixture was hydrolyzed with cold 15% 
hydrochloric acid solution. The product was worked up as in the 
synthesis of cyclooctanecarboxylic acid. Distillation at reduced 
pressure gave 5.2 g. (207.) of cyclononanecarboxylic acid, b.p. 
124-126° (0.35 mm.) [lit.19 b.p. 118° (0.15 mm.)], n25D 1.5005.
472‘-Chlorocyclodecanone
59A mixed gas of nitrosyl chloride (58.6 g., 0.90 mole)
and hydrogen chloride was passed into a solution of 81.0 g.(0.58
20 omole) of cis-cyclodecene and 200 ml. of cyclohexane at 0 during
2 hr. The solution was flushed with hydrogen chloride for 30 min.
and then with nitrogen for 30 min. to remove excess hydrogen
chloride. The solvent was removed by distillation, and the 2-chloro-
cyclodecanone oxime was utilized in the next step without additional
purification. The oxime was stirred at 80° for 4 hr. with 500 ml.
of concentrated (37%) hydrochloric acid solution, the mixture was
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diluted with water and extracted with three 150 ml. portions of
benzene, and the solvent was removed by distillation. The
residue was distilled to give 61.3 g. (52%) of 2-chlorocyclodecanone,
b.p. 100-102° (2 mm.), n25D 1.5001, [lit.60 b.p. 101-101.5° (2 mm.),
20n D 1.4999]. The infrared spectrum showed a carbonyl band at 
5.82p,.
Cyclononanecarboxylic acid
A solution of 54.6 g. (0.27 mole) of 2-chlorocyclodecanone 
in 20 ml. of methyl alcohol was added in 30 min. to a solution of
9.6 g. (0.41 g. atom) of sodium in 200 ml. of methanol at -12°.
After the mixture had refluxed for 1 hr., a solution of 23 g. of 
potassium hydroxide in 60 ml. of water was added to it. That 
mixture was then refluxed for 2 hr., diluted with 200 ml. of water, 
and washed with benzene. The basic aqueous layer was acidified 
with 15% hydrochloric acid and extracted with five 100 ml. portions 
of benzene. The solvent was removed by distillation, and the residue 
was distilled at reduced pressure to give 29 g. (64%) of cyclo­
nonanecarboxylic acid, b.p. 121-123° (0.30 mm.), [lit.*^ b.p. 118° 
(0.15 mm.)], n2^D 1.5007.
Cyclononanecarbonyl chloride
Cyclononanecarboxylic acid (28 g., 0.16 mole) was slowly 
added to 30 g. (0.25 mole) of thionyl chloride. The solution was
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refluxed for 1 hr., and excess thionyl chloride was removed by 
distillation. The residual liquid was fractionated to give
27.8 g. (91%) of cyclononanecarbonyl chloride, b.p. 120.5-122°
(4 mm.), n^D 1.4886.
Octamethyieneketene
Triethylamine (12 g., 0.12 mole) was rapidly added to a 
stirred solution of 14 g. (0.075 mole) of cyclononanecarbonyl 
chloride in 200 ml. of ether. After 13 hr. of reflux, the ethereal 
solution was separated from precipitated triethylammonium chloride 
by inverted filtration. The solvent was removed by distillation 
and the mixture was distilled at reduced pressure to give 6.5 g.
_  n  c
(57%) of octamethyieneketene, b.p. 75-76.5 (4 mm.), n D 1.4850.
The infrared spectrum of the ketene was characterized by a ketenic 
band at 4.75p,.
Cyclononanecarboxanilide. prepared from octamethyiene­
ketene and aniline, melted at 137.5-138°. A sample of the anilide 
prepared from cyclononanecarbonyl chloride and aniline melted at 
137-138°, (lit.^® m.p. 140-141°). A mixture of the anilides 
obtained by the two procedures showed no melting point depression.
Dispiror8.1.8.lleicosane-10.20-dione
After remaining at 110° for 3 days, a 1.1,g. sample of 
octamethyieneketene was completely solidified. Recrystallization
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of the solid from pentane gave 0.9 g. (82%) of the white crystalline
product, m.p. 112.5-113°, \CCl4 3.41 s, 3.49 m, 5.74 s, 6.72 m,max •
6.91 m, 8.71 w, and 10.26 m, p,.
Anal. Calcd. for C20H32°2: C* *0.59.
Found: C, 78.87; H, 10.54.
Octamethyieneketene (1.7. g..), after 122 days at room 
temperature, deposited crystals of the dimeric product. After 
130 days, the product had completely dimerized. Recrystallization 
from pentane gave 1.2 g. (71%) of the dimer, m.p. 112-113°.
7-Octamethylenebicyclor 3.2.0lhept-2-en-6-one
A solution of 1.3 g. (0.020 mole) of cyclopentadiene
and 1.0 g. (0.0065 mole) of octamethyieneketene in 20 ml. of
pentane was left at room temperature for 6 days. After removal
of the solvent, the residue was distilled to give 1.1 g. (78%)
of the product, b.p. 135-137° (3 mm.), n ^ D  1.5152; X 3.26 w,max •
3.41 s, 5.63 s, 6.20 w, 6.76 s, 6.92 s, 7.40 m, 8.07 m, 9.58 s, 
10.94 m, and 13.92 s, p,.
Anal. Calcd. for C^H^O: C, 82.51; H, 10.16.
Found: C, 81.60; H, 9.92.
49Chlorocyclodecane
A 1-1., three-neck Pyrex flask equipped with a condenser, 
stirrer, and gas dispersion tube was charged with cyclodecane
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(420 g., 3.0 moles) and irradiated with a 150-w light bulb in a 
reflector about 4 in. from the flask. Chlorine gas (71 g., 1.0 
mole) was passed through a trap and into the stirred cyclodecane 
during 4 hr. Irradiation was continued for 35 min. longer, and 
air was then bubbled through the mixture for 30 min. to sweep out 
chlorine and hydrogen chloride. Distillation of the mixture at 
reduced pressure gave the following three well-separated fractions.
Recovered cyclodecane amounted to 286 g. (2.04 moles), 
b.p 72-73.5° (12 mm.), n25D 1.4697.
Chlorocyclodecane was obtained in 64% yield (based on 
Cl2) (111.4 g.), b.p. 109-110.5° (12 mm.), n25D 1.4923.
Anal. Calcd. for C^H^Cl: C, 68.74; H, 10.96.
Found: C, 68.55; H, 10.75.
A dichlorocyclodecane was formed in small amount (14.1 g., 
13.5%), b.p. 135-137° (12 mm.), n25D 1.5078.
Anal. Calcd. for C1()H18C12: C, 57.42; H, 8.67.
Found: C,.58.00; H, 8.92.
Cyclodecanecarboxylic acid
An ethereal solution of cyclodecylmagnesium chloride, 
prepared from 12.5 g. (0.515 g. atom) of magnesium, 350 ml. of 
ether and 90 g. (0.515 mole) of chlorocyclodecane, was cooled to 
-12° in an ice-salt bath, while an atmosphere of nitrogen was
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maintained in the reaction vessel. A steady stream of anhydrous 
carbon dioxide was admitted to the vigorously stirred mixture at 
such a rate that the temperature was maintained below 5°. After 
2 hr., the reaction was complete, as indicated by a drop in 
temperature to -12°. The cold mixture was acidified with hydrochloric 
acid, the layers were separated, and the aqueous layer was extracted 
with ether. The combined ether extracts were shaken with 150 ml. 
of 15% sodium hydroxide solution. The ethereal layer obtained 
after separation.of the solution was discarded. The basic aqueous 
layer was washed with ether, acidified, and extracted with benzene. 
Removal of the benzene gave a white solid. Recrystallization of 
the solid from ethanol gave 63.7 g. (68%) of cyclodecanecarboxylic 
acid, m.p. 54.5-55°, (lit.^ m.p. 53°).
Cyclodecanecarbonyl chloride
A solution of 20.3 g. (0.11 mole) of cyclodecanecarboxylic 
acid in 75 ml. of benzene was added slowly to 29.8 g. (0.25 mole) 
of thionyl chloride in 25 ml. of benzene. The solution was left 
overnight and then refluxed for 2 hr. Excess benzene and thionyl 
chloride were removed by distillation. Distillation of the residue 
at reduced pressure gave 19.0 g. (857.) of acid chloride, b.p.
92-92° (1 mm.), n25D 1.4913; \ 3.40-3.45 s, 3.72 w, 5.55-5.60 s,
RlflXi
6.75 s, 6.91 s, 7.38 w, 10.00 m, 10.26 m, 10.44 m, 10.74 s, 11.05 m,
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11.50 m, 12.70 s, 13.90 s, 14.10 m, and 14.63 m, p,.
Anal. Calcd. for C^jH^ClO: C, 65.17; H, 9.45.
Found: C, 65.28, 65.19; H, 9.75, 9.79.
Noname thvle neke t e ne
Triethylamine (15.2 g., 0.15 mole) was rapidly added to
a stirred solution of 20.3 g. (0.10 mole) of cyclodecanecarbonyl
chloride in 250 ml. of ether, and the resulting suspension was
refluxed for 12 hr. The triethylammonium chloride precipitate was
separated from the yellow solution by inverted filtration. The
solution was concentrated by distillation, and the residue was
distilled to give 7.0 g. (42%) of the yellow ketene monomer, b.p. 
o 2573-74 (2 mm.), n D 1.4872. The infrared spectrum exhibited a
strong ketene band at 4.75p,.
Cyclodecanecarboxanilide
A 0.5 g. (0.004 mole) sample of nonamethyleneketene was 
slowly added to 0.5 g. of aniline in 20 ml. of ether. The solid 
residue was recrystallized from ethanol to give 0.7 g. (90%) of 
the anilide, m.p. 149-149.5°. A mixture of the anilide prepared 
from the ketene and that formed from the reaction of cyclodecane­
carbonyl chloride and aniline showed no melting point depression.
Anal. Calcd. for C^H^ON: C, 78.71; H, 9.72.
Found: C, 78.62, 78.47; H, 9.91, 9.80.
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Displror9.1.9.11doco8ane-11.22-dlone
A 1.6 g. sample of nonamethyleneketene, after (30 hr. at 
120°, was completely solidified. Recrystallization from ethanol 
gave 1.3 g. (82%) of the crystalline dimer, m.p. 132-133°. The 
infrared spectrum showed a characteristic carbonyl band at 5.74p,.
Anal. Calcd. for ^22^36^2: 10.92.
Found: C, 79.16; H, 11.06.
Nonamethyleneketene (2.0 g.) did not deposit a trace 
of crystalline dimer until 65 days at room temperature. After 
72 days the material was completely solidified. Recrystallization 
from pentane gave 1.6 g. (80%) of the dimer, m.p. 132.5-133.5°.
7-Nonamethylenebicyclor 3.2.0]hept-2-en-6-one
A solution of 2.0 g. (0.042 mole) of nonamethyleneketene
and 3.5 g. (0.055 mole) of cyclopentadiene in 40 ml. of pentane
was left at room temperature for 4 days, during which time the
yellow color dissipated. Distillation of the solvent and fractionation
of the residue at reduced pressure gave 1.1 g. (38%) of the unsaturated
ketene, b.p. 167-168.5° (4 mm.), n^D 1.5141; and )^ ^ 4 3.27 w,
3.43 s, 5.63 s, 6.21 w, 6.74 m, 6.92 m, 8.07 w, 9.60 m, and 10.90 w, p,.
Anal. Calcd. for C.JHL.O: C. 82.70; H. 10.41.
  16 24
Found: C, 81.67; H, 10.40.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
4 6
2-Bromocvclododecanone^
To a stirred solution of 91 g. (0.50 mole) of cyclo- 
20dodecanone in 500 ml. of carbon tetrachloride under irradiation 
from a 150-w light bulb was added a solution of 80 g. (0.50 mole) 
of bromine in 250 ml. of carbon tetrachloride. Irradiation was 
continued for an additional 30 min. The carbon tetrachloride was 
removed by rotary evaporation to leave 103 g. of crude 2-bromo- 
cyclododecanone; infrared absorption, 1712 cm \  (lit.^^ 1712 cm *). 
The product was utilized directly for the preparation of cyclo- 
undecanecarboxylic acid without additional purification..
50
Cvcloundecanecarboxylic acid
A solution of 103 g. of crude 2-bromocyclododecanone in 
100 ml. of methanol was added to a solution of 23 g. (1.0 g. atom) 
of sodium in 400 ml. of methanol at -12° over 2.5 hr. The solution 
was refluxed for 1 hr., a solution of 75 g. of potassium hydroxide 
in 150 ml. of water was added, and the resulting solution was 
refluxed for 3 hr. After dilution with 500 ml. of water and 
extraction with pentane, the aqueous solution was acidified with 
hydrochloric acid.and extracted with benzene. After removal of 
the solvent by distillation, the residual, liquid was distilled 
at reduced pressure to give 26 g. (26%) of cycloundecanecarboxylic 
acid, b.p. 152-155° (1 mm.). Redistillation gave a 24 g. (24%)
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of the acid, b.p. 124-125° (0.25 nnn.) [lit.50 b.p. 154-156°
(1 mm.)], n25D 1.4928.
Cvcloundecanecarbonyl chloride
To 24 g. (0.20 mole) of thionyl chloride was added 20 g.
(0.10 mole) of cycloundecanecarboxylic acid over 30 min. The
solution was left overnight, refluxed for 1 hr., and distilled.
The residue was fractionated at reduced pressure to give 20.1 g.
(92%) of cycloundecanecarbonyl chloride, b.p. 106-107° (1.0 mm.),
25
n D 1.4952; infrared absorption, 5.57p,.
Decamethyleneketene
A 500 ml., three-neck Pyrex flask equipped with a condenser,
stirrer, and dropping funnel was throughly flushed with anhydrous
nitrogen and charged with 16.5 g. (0.083 mole) of cycloundecane-
carbonyl chloride in 27 5 ml. of ether. Triethylamine (14.1 g.,
0.14 mole) was added rapidly to the stirred solution. After 14 hr.
at room temperature, the yellow solution was separated from
precipitated triethylammonium chloride by inverted filtration,
concentrated by distillation, and filtered to remove additional
triethylammonium chloride. Distillation of the yellow residual
liquid gave 4.6 g. (34%) of decamethyleneketene, b.p. 83-84° (2 mm.), 
25n D 1.4882. The infrared spectrum showed a ketene band at 4.76p,.
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Cycloundecanecarboxanilide
Decamethyleneketene (0.50 g., 0.0028 mole) was slowly 
added to a cold solution of 1 ml. of aniline in 30 ml. of ether.
The reaction was rapid and the characteristic yellow color of the 
ketene disappeared immediately. The mixture was washed successively 
with 2 ml. of water, 5 ml. of 5% hydrochloric acid, 5 ml. of 57. 
sodium hydroxide solution, and 5 ml. of water. The ethereal solution 
was dried, concentrated by evaporation, and the solid residue was 
recrystallized from a benzene-pentane mixture to give 0.65 g.
(86%) of cycloundecanecarboxanilide, m.p. 145.4-146°.
The previously unreported cycloundecanecarboxanilide
was also prepared by the reaction of cycloundecanecarbonyl chloride
with an ethereal solution of aniline. The product was recrystallized
from benzene-pentane to give the anilide, m.p. 144-146°. A mixture
of the cycloundecanecarboxanilide obtained from the two reactions
showed no melting point depression.
Anal. Calcd. for C„„H„_0N: C. 79.07; H. 9.95.l o  27
Found; C, 79.05; H, 9.93.
Dispirof10.1.10.lltetracosane-12.24-dione
A 1.0 g. sample of decamethyleneketene, after 85 hr. 
at 110°, was essentially solidified. The solid was recrystallized 
from pentane to yield a white solid, m.p. 125.5-126°. The infrared 
spectrum exhibited a carbonyl band at 5.75jj,.
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Anal. Calcd. for C2^H^q02: C, 79.94; H, 11.18.
Found: C, 79.41; H, 11.06.
A sample of undecamethyleneketene was left at room 
temperature for 36 days, without deposition of a trace of crystalline 
dimer.
7-Decamethvlenebicvclor3.2.Olhept-2-en-1-one
Decamethyleneketene (1.0 g., 0.0056 mole) was added to
1.5 g. (0.023 mole) of cyclopentadiene, b.p. 41°, in 20 ml. of
pentane.. The solution was allowed to stand 4 days, by which
time the yellow color of the ketene had disappeared. The solvent
was removed, and the residue was fractionated at reduced pressure
to give 0.85 g. (62%) of the cycloadduct, b.p. 147-149° (1 mm.),
25n D 1.5076. The infrared spectrum showed a cyclobutanone carbonyl 
band at 5.64p, and a characteristic double bond absorption at 6.21^.
Anal. Calcd. for C^^gO: C, 82.80; H, 10.64.
Found: C, 81.97; H, 10.77.
Cyclododecyl chloride
Anhydrous hydrogen chloride was slowly bubbled into a 
stirred mixture of 400 ml. of benzene, 10 g. of zinc chloride and
9 0  r»
275 g. (1.7 mole) of cyclododecene at 25 for 48 hr. The mixture 
was washed with water, and the solvent was removed by distillation.'
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The residue was fractionated to yield 4.1 g. of forerun, b.p.
50-63° (1 mm.); 62.1 g. of recovered cyclododecene, b.p. 65-68°
(1 mm.), n25D 1.4850 [lit.62 b.p. 100-103° (11 mm.), n2°D 1.4853]; 
and 234.6 g. (707.) of cyclododecyl chloride, b.p. 92-93° (1 mm.), 
n25D 1.4890 [lit.63 b.p. 84° (0.5 mm.), n2°D 1.4904].
Cvclododecanecarboxylic acid
This carboxylic acid was prepared by the same method 
used for cyclooctanecarboxylic acid. To the solution of cyclo- 
dodecylmagnesium chloride, which was prepared from 203.4 g. (1.0 
mole) of cyclododecyl chloride and 24.3 g. (1.0 g. atom) of 
magnesium in one liter of ether and cooled to -10°, was added a 
stream of carbon dioxide under slight pressure, and at such a rate 
that the temperature was maintained below 5°. At the end of this 
time (2 hr.), the temperature of the reaction mixture dropped to 
-10°, indicating the completion of the reaction. The mixture 
was then hydrolyzed with 157. hydrochloric acid solution. The layers 
were separated, and the aqueous layer was extracted three times 
with 100 ml. portions of ether. The ether layers were combined 
and shaken with 200 ml. of 257. sodium hydroxide solution. The 
basic aqueous layer was separated, washed with ether, and then 
acidified with 157. hydrochloric acid. The product was extracted 
three times with 100 ml. portions of benzene. The benzene was
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removed by distillation, and, upon addition of an equal volume 
of petroleum ether, a white solid was deposited. After one 
recrystallization from petroleum ether, there was obtained 
162.4 g. (767.) of cyclododecanecarboxylic acid, m.p. 98-99°,
(lit.^^ m.p. 96-97°).
Cyclododecanecarbonyl chloride
To 53.5 g. (0.25 mole) of cyclododecanecarboxylic acid, 
m.p. 98-99°, was added 60 g. of redistilled thionyl chloride at 
0°. After an intial vigorous reaction, the solution was refluxed 
for 2 hr. After fumes of gases were no longer evolved, the thionyl 
chloride was removed by distillation. The residual liquid was 
fractionated to give 52 g. (78%) of the product, b.p. 111-112°
(2 mm.) [lit.^ b.p. 130-137° (12 mm.)].
Undecamethyleneketene (XXXVI)
To a stirred solution of 23.2 g. (0.10 mole) of cyclo­
dodecanecarbonyl chloride dissolved in a mixture of 125 ml. of 
benzene and 100 ml. of ether, was added 15.2 g. (0.15 mole) of 
freshly distilled triethylamine. The mixture was refluxed for 
18 hr., then the solution was removed from the precipitated 
triethylammonium chloride (11.3 g. 827.). Upon concentration of 
the solution, a solid was deposited. The yellow filtrate was 
distilled to give 4.2 g. (22%) of undecamethyleneketene, b.p.
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89-91° (2 mm.), n ^ D  1.4871, and 3.2 g. of a dark residue.
The solid obtained upon filtration of the concentrated 
reaction mixture was dissolved in ether, washed with 50 ml. of 
water and with 50 ml. of 57. sodium hydroxide solution, and dried 
over calcium chloride. The white, crystalline solid obtained was 
recrystallized from ethyl alcohol to give 6.6 g. (347.) of 
undecamethyleneketene dimer, dispiro[ll.1.11.l]hexacosane-13,26- 
dione (XXXVII), m.p. 203-205°; XCCl4 3.38 s, 3.48 m, 5.74 s, 6.78 m,
ITIHX 9
6.89 w, and 8.55 w, p
Anal. Calcd. for C2gH^02: C, 80.35; H, 11.41; mol. wt. 389.
Found: C, 80.64; H, 11.21; mol. wt. (benzene) 357.
Cyclododecanecarboxanilide. m.p. 149.5-150°, was prepared from the 
ketene monomer and aniline. A sample of the anilide was also 
prepared from cyclododecanecarbonyl chloride and aniline, m.p.
150-152°. A mixture of the two samples melted at 150-152°.
Anal. Calcd. for C^H^NO: C, 79.39; H, 10.17.
Found: C, 79.20; H, 10.33.
Dispironi. 1.11.llhexacosane-13.26-dione (XXXVII)
Freshly distilled undecamethyleneketene (XXXVI), b.p.
89-91° (2 mm.), was converted to the dimer, dispiro[ll.1.11.ll­
hexacosane-13,26-dione, by heating 1.5 g. at 110° for two days.
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During this time, the yellow color gradually faded and the 
material solidified. Recrystallization of the solid from ethanol 
gave 1.35 g. (83%) of the dimer, m.p. 203-205°.
Undecamethyleneketene (2.0 g.) was left at room 
temperature for 4 days before any trace of crystals was noted.
After 7 days the material was almost completely solid, and the 
sample was left at 110° for 12 hr. to complete the solidification. 
The solid was recrystallized from ethanol to yield 1.70 g. (85%) 
of the dimer, m.p. 203-205°.
7-Undecamethylenebicyclor3.2.0~lhept- 2-en-6-one
Undecamethyleneketene (1.0 g.) was added to 1.6 g. of 
freshly distilled cyclopentadiene, b.p. 41°, in 20 ml. of petroleum 
ether. The yellow solution was tightly stoppered and left at room 
temperature until all trace of yellow color was gone (4 days).
After removal of the solvent, the product was distilled to give 
0.8 g. (627.) of the addition product, b.p. 156-159° (1 mm.);
xccl4 3>3g ^  5>62 ^  6<21 6<78 ^  6>9Q ^  8<05 an(J 1Q<96
ttldX*
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SUMMARY
Heptamethyleneketene was prepared. The monomeric 
polymethyleneketene yielded the corresponding anilide with aniline 
and gave a cycloaddition product with cyclopentadiene. Upon standing, 
heptamethyleneketene slowly dimerized to give a new 1,3-cyclobutanedione, 
which was reduced to the corresponding glycol with lithium aluminum, 
hydride. Reaction of heptamethyleneketene with sodium methoxide gave 
a poly(enol) ester, and reaction of the cyclic dimer with sodium 
methoxide gave a (3-lactone dimer.
In addition to heptamethyleneketene, the following monomeric 
polymethyleneketenes were prepared: octamethyleneketene, nonamethylene­
ketene, decamethyleneketene and undecamethyleneketene. The nine- 
membered ring showed remarkable stability in the monomeric form, 
as dimerization required 122 days. The ten-membered ring, nonamethylene­
ketene, showed similar stability, but undecamethyleneketene dimerized 
rapidly (4 days). The reactions of these monomeric polyraethylene- 
ketenes with aniline and with cyclopentadiene were studied. The 
dimerization products, 1,3-cyclobutanediones, were obtained by 
heating the monomers and also by the spontaneous dimerization of 
the monomers at room temperatures.
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Anet, R.
Dimerization of a Disubstituted Ketene to a (3-lactone: A 
New Dimer of Diphenylketene.
Chem. and Ind., August, 1313-4 (1961).
Diphenylketene, when treated with a catalytic amount of 
sodium methoxide, yielded the (3-lactone dimer (I), m.p. 148°. 
Hydrolysis of I yielded sym-tetraphenylacetone. With sodium 
methoxide, I gave methyl diphenylacetate and diphenylacetic 
acid. Pyrolysis of 1 regenerated diphenylketene(which was 
identified through its infrared absorption at 2130 cm"*-) and 
a trace of allenic material. A mechanism for the formation 
of I was suggested.
Ph-
Ph2C* 1
Dawson, T. L., and Ramage, G. R.
The Caryophllenes: The Synthesis of 2-Carboxy-3,3-dimethyl-
cyclobutylacetic acid.
J. Chem. Soc., 1950. 3523.
Dimethylketene was reacted with cyclopentadiene to form 
the addition product. Upon oxidation'of the adduct with 
potassium permanganate, followed by reduction of the carbonyl 
group, only the title compound was obtained, thus offering 
proof of the position of the double bond in such compounds 
as being at the position shown in structure I.
Cl T=0-CH,
CH„
HOOCCH
H00C
“CH„
CH„
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Erickson, J. L. E., and Kitchens, G. C,
The Base-Catalyzed Conversion of Ketenes and K'etene Dimers 
to Ketene Trinters.
Org^ Cfrenu, 27, 460-3 (1962).
Dimethylketene, passed into boiling toluene containing a 
small amount of sodium methoxide, was converted to the cyclic 
trimer of dimethylketene, hexamethyl-l,3,5-cyclohexanetrione. 
Dimethylketene dimer under the same conditions gave the same 
product. Hydrogenation of the cyclic trimer over copper 
chromite gave the cis and trans isomers of 2,2,4,4,6,6-hexamethyl 
1,3,5-cyclohexanetriol. Fractional crystallization separated 
the isomers, m.p. 137° and 244°. When the trimer was reduced 
with potassium borohydride, only the high melting isomer was 
obtained.
Erickson, J. L. E., Collins, F. E., Jr., and Owen, B. L.
Polymethyleneketene Dimers and Trimers. _
J. Org. Chem., 31, 480 (1966).
Polymethyleneketene dimers were converted by a base- 
catalyzed process to polymethyleneketene trimers. This 
conversion involves the formation of 1,3,5-cyclohexanetriones 
from 1,3-cyclobutanediones. The dimers, dispiro[3.1.3.1]- 
decane-5,10-dione, dispiro[4.1.4.l]dodecane-6,12-dione, and 
dispiro[5.1.5.l]tetradecane-7,14-dione, were converted to 
the corresponding trimers, trispiro[3.1.3«1.3.l3pentadecane- 
5,10-,15-trione (I), trispiro[4.1.4.1.4.l]octadecane-6,12,18- 
trione, and trispiro[5.1.5.1.5.l]heneicosane-7,14,21-trione. 
These diones and triones were completely reduced to diols and 
triols, respectively. Dodecahydrotriphenylene was obtained 
by the dehydration of trispiro[4.1.4.1.4.l]octadecane-6,12,18- 
triol. Alcoholysis of the dimers and trimers gave the 
corresponding esters. The formation of unsaturated 6“lactone 
trimers, isomeric with the normal trimers, has been discussed.
Farmer, E. H., and Farooq, M. 0.
The Properties of Conjugated Compounds. XX. Diphenylketene 
as an Addendum.
J. Chem. Soc., 1925 (1938).
Upon reaction with cyclopentadiene, diphenylketene gives 
the cycloaddition product (I). Upon basic hydrolysis of I,
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Farmer and Farooq (cont.)
followed by vigorous oxidation, 4,4-diphenylbutane-l,2,3- 
tricarboxylic acid (II), was isolated. Compound II prepared 
in a totally different manner showed no depression of its 
melting point when a mixture melting point with the sample 
from the ketene was taken.
The product I is a derivative of cyclobutanone and the 
direction of addition of the ketene is that which would be 
expected on the basis of the behaviour of ketenes with 
simple reagents. The polymerized form of the ketene is 
also discussed.
Gutsche, C. D., and Armbruster, E. W.
The Photolysis of 10-Ketobicyclo[5.2.l]Decane and Related 
Compounds.
Tetrahedron Letters. 1297 (1962).
Octamethyleneketene is suggested as an intermediate 
in the photolysis of the title compound. One product of 
the reaction was cyclononanone, which was obtained py oxi­
dation of the intermediate ketene monomer. The authors 
suggest the intermediate on the basis of the following 
evidence. The reaction mixture becomes progressively more 
yellow as the reaction proceeds. This yellow color is 
characteristic of ketoketene monomers. The color of the 
mixture persists until air is admitted. An infrared analysis 
of the reaction mixture before exposure to air indicated 
moderately strong bands at 2142 and 1133 cm"l, also considered 
to be characteristic absorption bands of ketene monomers.
Addition of methanol to the mixture resulted in the
disappearance of the yellow color after 2 hr. and the formation 
of methyl cyclononanecarboxylate, which was characterized by 
conversion to the carboxanilide, m.p. 138-140°. Under the 
same conditions, 9-ketobicyclo[4.2.l]nonane gave cyclooctanone. 
Attempted photolysis of lower members of the series gave no
evidence for ketenes as intermediates.
Ph
HOOCCH, IHCOOH
HOOCCHCH(Ph)
I II
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Hasek, R. H., Elam, E. U., Martin, J. C., and Clark, R. D.
Dimethylketene Dimer. IV. Polyester and (3-lactone Dimer 
of Dimethylketene.
J. Org. Chem., 27. 60-4 (1962).
Polymerization of dimethylketene in ether with sodium 
methoxide gave a polyester, m.p. 175°, mol. wt. 2640, which 
decomposed on heating to the (3-lactone dimer of dimethylketene. 
Upon treatment of the (3-lactone dimer with lithium aluminum 
hydride, l-hydroxy-2,2,4-trimethyl-3-pentanone was obtained. 
With aniline, the (3-lactone dimer yielded 2,2,4-trimethyl-3- 
oxovaleranilide, m.p. 94-95°.
Tetramethyl-1,3-cyclobutanedione was isomerized to the 
(3-lactone dimer by treatment with a catalytic amount of 
aluminum chloride. Dimethylketene, added to a stirred solution 
of aluminum chloride, gave a 727. yield of the (3-lactone dimer.
Hasek, R. H., Gott, P. G., and Martin, J. C.
Ketenes. III. Cycloaddition of Ketenes to Acetylenic Ethers.
J. Org. Chem., 29, 2510-3 (1964).
Dialkylketenes add to ethoxyacetylenes to give 4,4-dialkyl- 
3-ethoxy-2-cyclobuteneones and to l-buten-3-ynyl methyl ether 
to give 4,4-dialkyl-3-(2-methoxyvinyl)-2-cyclobuten-l-ones.
Some new reactions of these cyclobuteneones are described 
by the authors.
Dimethylketene reacted with ethoxyacetylene to form
3-ethoxy-4,4-dimethyl-2-cyclobutenone in an 837. yield. When 
hydrolyzed with 17. hydrochloric acid solution, there was 
obtained 3-hydroxy-4,4-dimethyl-2-cyclobuten-l-one in 737. 
yield. This compound, in the solid state or in polar solvents 
exists as a stable enol; in chloroform solutions it exists 
as the keto anaolgue.
Hill, C. M., and Hill, M. E.
The Preparation and Properties of Pentamethyleneketene Monomer 
and Dimer.
J. Am. Chem. Soc., 75. 2765-6 (1953).
Hexahydrobenzoyl chloride, treated with triethylamine, 
yielded the monomer of pentamethyleneketene in 327. yield. The
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Hill and Hill (cont.)
monomer reacted with aniline to give hexahydrobenzanilide, 
m.p. 139-140°. Treatment of the monomer with alkali gave 
hexahydrobenzoic acid. When hexahydrobenzoyl chloride was 
treated for a longer period of time with triethylamine, the 
product isolated was the dimer, m.p. 164-165°. The dimer was 
reduced over Raney nickel to give a hydroxy ketone.
Lipbcomb, W. N., and Schonmaker, V.
An Electron Diffraction Investigation of Dimethyleketene Dimer.
J. Chem. Phys., 14, 475-9 (1946).
An electron diffraction investigation of dimethylketene 
dimer confirms the 2,2,4,4-tetramethyl- 1,3-cyclobutanedione 
structure. Parameters were determined for the symmetrical 
model: C-C(ring) 1.56±0.05 X, C-CH3 1.54±0.05 &, C=0 1.22d£>.04 2,
C-CO-C 93°±6°, and CH3-C-CH3 111±6°.
The limits of error assigned to the angles apply only if 
simultaneous variation is excluded; otherwise much larger limits 
must be assigned. A notable feature of the structure is the 
large temperature factor that must be ascribed to the interatomic 
distances greater than 3 8. The relation of this temperature 
factor to the unusually large atom polarization is discussed 
in terms of the probable amplitudes of the pertinent modes of 
vibration of the molecule.
Roberts, J. D., and Schartz, C. M.
Cyclobutane Derivatives from Thermal Cycloaddition Reactions. 
Org. Reactions, 12. Ch. 1 (1962).
A review of the many cyclobutane type compounds formed 
by cycloaddition. Included in the review are the reactions
of ketene monomers with unsaturated compounds to form
cyclobutane, cyclobutene, and cyclobutanone derivatives. A 
mechanism for cycloaddition reactions of this type is offered 
by the authors. General evidence for the structures is 
discussed. The review is extensive in scope, and the authors
do an excellent job of covering the field.
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Sauer, J. C.
Ketene Dimers from Acid Halides.
J. Am. Chem. Soc., 69. 2444-8 (1947).
A practical synthesis of dimers of monoalkylketenes 
involves the dehydrohalogenation of acid chlorides by tertiary 
amines; the reaction is assumed to involve the formation of 
an intermediate ketene monomer which rapidly undergoes self­
addition, probably under the catalytic influence of the 
ammonium salt. No evidence for the existence of the monomers 
is obtained, the lowest boiling product isolated in every 
case being the dimer. The following aldoketene dimers were 
prepared: methyl, ethyl, propyl, isopropyl, butyl, hexyl,
decyl, and dodecyl. The yields varied from 59% to 1007..
Staudinger, H.
Contribution to our Knowledge of the Ketenes. I.
Ann., 356. 51 (1908).
Disubstituted monomeric ketenes are prepared from a-halogen 
substituted acid halides and zinc in inert solvents. The 
ketenes are highly colored, are stable in an inert atmosphere, 
and add water, alcohols, and amines with only one double 
linkage becoming saturated. Diphenylketene, b.p. 146° (12 mm.), 
was prepared in the above manner. The ketene reacted with 
water to give diphenylacetic acid, with dry hydrogen chloride 
to give diphenylacetyl chloride, with ammonia to give diphenyl- 
acetamide, with aniline to give diphenylacetanilide, and with 
phenylmagnesium bromide to give triphenylcarbinol.
Staudinger, H.
Ketenes. XVI. Formation and Resolution of Four-membered 
Cycloids.
Ber., 44, 521 (1911).
At room temperature, water converts diethyl diethyl- 
diketocyclobutanedicarboxylate, the polymerization product 
of ethylcarboethoxylketene, into diethyl diethylacetone- 
dicarboxylate, [^0(0^ 2^ 00202^ ) 2], which was fully 
identified. When boiled with barium hydroxide, the compound
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Staudinger (cont.)
decomposed to give butyrone and ethylmalonic acid.
At about 200°, under pressure, aniline and tetramethyl- 
diketocyclobutane gives isobutyric anilide. At 190°, tetra- 
methyldiketocyclobutane and water react to give carbon dioxide 
and isobutyrone.
2,2,4,4-Tetraphenyl-l,3-cyclobutanedione is best prepared 
by heating diphenylketene with benzene at 170°, under pressure, 
for 80 hours. The compound was recrystallized from acetic 
acid, ethyl acetate, or benzene, m.p. 244-5°; mol. wt. in 
boiling benzene, 426. Distillation in dry carbon dioxide 
regenerated diphenylketene. At 100°, aqueous potassium 
hydroxide (50%,) in methanol, converted 2,2,4,4-tetraphenyl- 
cyclobutane-l,3-dione into diphenylacetic acid and 1,1,3,3- 
propane- 2-one.
Staudinger, H., and Rheiner, A.
Ketenes. XLVII. Cyclobutane Derivatives of Diphenylketene 
and Ethylene Compounds.
Helv. Chim. Acta, 7., 19 (1923).
The compounds isolated from the reaction of diphenyl­
ketene with double-bond containing compounds are derivatives 
of cyclobutanone. Thus was formed compound I, m.p. 89-90°, 
from cyclopentadiene and diphenylketene. Cotapound I was 
catalytically reduced, and upon reaction with sodium hydroxide 
there was obtained compound II in good yield. Treatment of 
I with phenylmagnesium iodide gave a 76% yield of III.
OH
JPh
Ph Ph Ph
I II III
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Staudinger, H., and Ruzioka, L.
Ketenes. IV. Phenylmethylketene.
Ann., 380. 278-303 (1911).
Phenylmethylketene polymerizes completely in about six 
months at ordinary temperature and in about twenty hours at 
100°. It yields a dimolecular product, 2,2-diphenyl-4,4-dimethyl- 
cyclobutane-1,3-dione, m.p. 161.5-2.5°. When heated with 
aniline, the dimer yields a small quantity of a substance, 
m.p. 267° which is apparently another polymer.
Staudinger, H., and Schneider, H.
Ketenes, XLIII. Alkyl and Aryl Substituted Ketoketenes.
Helv. Chim.^ Acta, J3, 291 (1923).
The relative tendency toward polymerization of several 
aryl- and alkylketenes is given. At 25°, dimethylketene 
polymerizes to the extent of 70% in six hours, diethylketene 
polymerizes only 287. over a period of twenty days, and 
dipropylketene only 9% in twenty-eight days. Dibenzylketene 
is less stable than dimethylketene and is completely converted 
to 2,2,4,4-tetrabenzylcyclobutane-l,3-dione in just a few hours. 
The influence of the phenyl group is remarkable for while 
diphenylketene polymerizes very slowly, it is generally more 
reactive than dimethylketene.
2,2,4,4-Tetrapropylcyclobutane-l,3-dione, m.p. 61-2°, 
and 2,2,4,4-tetraallylcyclobutane-l,3-dione, b.p. 135°
(9 mm.), were prepared by heating the corresponding ketenes.
An attempt to prepare dimethyleneketene from cyclopropane- 
dicarboxylic diphenyl acetic anhydride was unsuccessful. 
Repeated attempts of the synthesis gave no trace of the 
monomer.
Staudinger, H., and Schotz, S.
Ketenes. XXXIII. Attempts to Prepare Optically Active Ketenes, 
Ber., 53. 1105 (1920).
Attempts were made to form the optically active camphoketene, 
but none of the methods yielded the pure ketene, although some 
polymers and a series of camphorketene derivatives were formed
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Staudinger and Schotz (cont.)
by the dehydrohalogenation of camphorcarboxylic acid chloride, 
RHC0C1, (ft=CO-C8Hi4-C).
cis- and trans-Dicamphorcyclobutanediones (I) were obtained 
upon treating RHCOC1 with quinoline and allowing the reaction 
mixture to stand in an atmosphere of carbon dioxide for several 
days. The isomers were incompletely separated by a very 
tedious process. With three molar equivalents of potassium 
hydroxide in alcohol, I gave a small amount of a new acid, 
m.p. 187°, and a new dicamphorketone, (I^C = 0).
I
Walborsky, H. M.
Dimethyleneketene: An Attempted Synthesis.
J. Am. Chey. Soc., 74. 4962 (1952).
Attempts to prepare dimethyleneketene and its dimer 
from cyclopropanecarbonyl chloride and triethylamine resulted 
in failure. An intermediate acylium salt is proposed. Energy 
considerations and bond-angle strain are cited to account for 
this failure.
Wedekind, E., and Weissgange, W.
Synthesis of A Ketone of the Cyclobutane Series.
Ber., 39, 1631-46 (1906).
2,2,4,4-Tetramethylcyclobutane-l,3-dione is obtained 
when a solution of isobutyrl chloride in dry carbon disulfide 
is dropped into a solution of triethylamine in the same 
solvent, great care being taken that atmospheric moisture 
is excluded. After removal of triethylamine hydrochloride,
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Wedekind and Weissgange (cont.)
an oil is obtained from which crystals of the ketone gradually 
separate; they are most readily purified by washing with light 
petroleum and then subliming. The yield is under 20%. The 
ketone has an odor resembling that of menthol or camphor, is 
extremely volatile and passes over with ether vapor. It 
crystallizes well, melts at 115-6°, has an n ^ D  of 1.4991 and 
a specific gravity of 0.8875, dissolves readily in most organic 
solvents, but is only sparingly soluble in water.
The dioxime, crystallizes from alcohol in
colorless plates melting at 281°.
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